Ortho effects for inhibition mechanisms of butyrylcholinesterase by o-substituted phenyl N-butyl carbamates and comparison with acetylcholinesterase, cholesterol esterase, and lipase.
Phenyl carbamates are used to treat Alzheimer's disease. These compounds inhibit acetylcholinesterase and butyrylcholinesterase. The goal of this work was to determine the chemical characteristics of ortho substituents that make some carbamates better inhibitors of butyrylcholinesterase than of acetylcholinesterase, cholesterol esterase, and lipase. The inhibition constants, Ki, Ki', kc, and ki were measured for nine different carbamates. The values were plotted according to Hammett, Taft-Kutter-Hansch, and Swan-Lupton to obtain constants that correlated the chemical nature of the substituents with inhibition potency. It was found that the negative charges of tetrahedral intermediates were more stabilized by ortho electron-withdrawing substituents of the inhibitors in butyrylcholinesterase than in acetylcholinesterase. This result confirmed formation of 3-pronged hydrogen bonds for the oxyanion hole of butyrylcholinesterase and 2-pronged hydrogen bonds for the oxyanion hole of acetylcholinesterase. Furthermore, it was found that ortho electron-donating substituents of the inhibitors accelerated inhibition of butyrylcholinesterase by ortho polar effects. Conformations of enzyme-inhibitor tetrahedral intermediates for butyrylcholinesterase were different from those for acetylcholinesterase and cholesterol esterase; ortho substituents in the tetrahedral intermediates were located far from the negatively charged carbonyl oxygens in butyrylcholinesterase, but close to the negatively charged carbonyl oxygens in acetylcholinesterase and cholesterol esterase. In conclusion, electron-donating substituents in the ortho position were better inhibitors of butyrylcholinesterase than acetylcholinesterase, while electron-withdrawing substituents were better inhibitors of acetylcholinesterase.